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Abstract: Traditional terahertz frequency doublers often utilize hybrid integrated circuits as
implementation methods, leading to issues such as large size, high packaging loss, and poor stability. By
employing an active device based on indium phosphide(InP) High Electron Mobility Transistors(HEMT)
with a gate length of 2 x 25 wm, a fully monolithic integrated D—band frequency doubler is designed by
using a combined simulation analysis method of Advanced Design System(ADS) and electromagnetic(EM)
simulation. The frequency doubler is designed in the form of frequency doubling plus amplification, with
the first stage being a frequency doubling circuit and the second stage using an amplification circuit.
Within the range of 132~154 GHz, when the input power is 4.5 dBm, the output power is greater than 6
dBm, the fundamental wave suppression ratio is better than 31 dBec, the third harmonic suppression ratio
is better than 36 dBe, and the maximum output power is 9 dBm@144 GHz, with a corresponding
frequency conversion gain of 4.5 dB. The chip area of this frequency doubler is approximately 3.1 mm x
1.3 mm. This design provides a new option for fully monolithic integrated terahertz sources and the
realization of miniaturized terahertz sources.
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(a) DC characteristics of the device (b) transfer characteristics curves of the device

Fig.3 DC and transfer characteristics of the device

[ 3 S8 BRI MO R R i 2



1334 ABEH PSR TFERSRE 52 %

FE R R L FE U, T, 3 38 AL 1, B T U TR U, A A “
WA 2 A H 3 — e (- 0) P it e an 1 3a) s o DU T
U,==0.6~02V, %02 V; U,=0~2V. E30)ERT U=15V 40 ——
iF, #%F Y #5 5 (Transconductance) F 4% B R il 2, 280 i e K o
5% G, N 1628 mS(U,=-0.17 V), I Fl V5 & o I % B ] ik §” 20 dB/dec
890 mA/mm*(U,=0.2 V). /K ik 2DEG % J& 4 11 000 cm?*/(V - % Y
S), HLTER AN 3x10" ecm ™, < ~10 dB/dec -20 dB/dec
A0S BB MR R 0~110 GHz 43 B i, 2 3 4R = ol
0.1 GHz, It s 5 A0 oy 1k 4 Sl BRARL, J&] 4 J R T 2% 0 o 3 1 25
H21 Fl 45 & 0] F T K 38 25 (Maximum Available Gain, MAG)/f% KX 0 - s
Fa 5 T R B 25 (Maximum Stable Gain, MSG)FE# R {2k . ¥ : v fIGHz v
H21 i £ 4% B -20 dB #EAT AR E,  LAARAS 25 1 v I 1 45 #1k AR Fig.4 H21 and MAG/MSG versus frequency
/=238 GHz; MAG/MSG Hfi £& )\ 81.4 GHz 45 xi At #% [t -20 dB 4t P4 H21 FIMAG/MSG BRI E Ll 2

e, RAG I R IR & 0% f,, =381 GHz,

HL 1R T AR A TR B A A A R AR /IME SRR KA SR X K KRR LA, W
B AR TE A A R PN ST M S A Ak R B R B R P Y S BT A A B, SRR AT DU IE R
TN OFHER -

I A5 A P A ARG T ) A S A AR AR R R, R S R A A B G Rl . AR SCAR R B 5(a)
R FFE S T InP HEMT #8124 F /M5 5 S5 50 h B AL, &1 S(b) 25t 1 IR Ay 2 S S8R X L, I 0 %
1~110 GHz &4 Bt , M5 07 FL45 W) & 804

O—T—wwy I MA— o) s
¢ L RrR'lc 2| R, L, b o
764G @ = y
1 /
[ R f fis / :ﬁ/\
\77 7777‘ ® % % 4 % 7 r )
Va R 60%S,, j
intrinsic part I,=g, xU, x¢
S S
O o freq (1.000 GHz to 110.0 GHz)

l —— measurement
- - - simulation

(a) small-signal equivalent circuit of HEMT (b) comparison of measured and simulated S parameters

Fig.5 Small signal model of HEMT and S-parameters comparisons
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Fig.8 Schematic of frequency doubler
P8 ATiHst e EHAE ]

XFF HEMT #5044 S8 A5 00 e 1, o 1 /el i th i R R MR B, 2R BB Im B e . O T iR Ze
e E AR T I o i e K, I SRR AR O I e W R, AR TARTEAR AN I . AR SR 2%25 pm B ARF, TR
WHE R 1.2V, W ERN-0.6 V, BEIREN =12 mA, TIFEZLHN 144 mW,
2.2 MKHEEIZIT

TR AT BB R D I BT R A A L TR, AR SCAE AR A B i G T — GO Ay, L B R A A A
EOFiR. KT RAEMRM RO PERE, BEAENARIE TAEN, B8 A A I B 4% 2 (R R TR #a iR



133 ABEH PSR TFERSRE 52 %

HLEEPERE R . ImE ML EERARE . Ei . FmiR
DL KB H AR R o AR SOk BOR A 466 D 53 =2 — U < 8 BELBons
2. IR E L . JF 5K H B H %5 (Resistor-Capacitance circuit,
RC) M 2% DL Ko 1A~ B BRHLBH . SR FH IO 43 2 — 4K ey B2 5
TV 2 b HL 2500 J S0 A0 I, o O T SR AL S 6T LU e R I
Y52 5 RC 28 i1 ER 156 H, BH 32 80 3] 48 5 fl A 1 1 1
FH 5 HIE H B ERCAR AT AW AR 0 it i AR 5, (HOR 4y
O R R . S T R B R A5 A, BRI R T
BE, PRI VPR RE . A SCHER A o i 2 D K ]
VT E 19 2R FH e I BEL 08 3k A7 BT DT E o e 5 400 I8 s K
AR B A 2 s, AR PR R BHPTE S T BHPTICEL, fE Sk
RGBT (ADS) Hh HEAT IR R A

i T H AT E B DT 5 R -5 %5 - i (Ground-Signal -
Ground, GSG)#EF L A X F b4k, B 72
70 MR 75 oK, 0 i LB Y o 1 2R T N GSG IR £ I B

________

input

Fig.9 Schematic of amplifier
[E19 K e H i BEAE 2]

3, GSGEREHEH4 2 50 Q el Zead PEL5 M W m T i B Bt i R v A JC IR E5 4 o i PS5 AA 1 S B 2 GSG AR B 1]
R B T A R, YRR L R /N A G IE 5 1S Y ] O A3 RE A ARG o 3% IR LA, fE ADS R o
ZERHEAT O BT, AR 10(a) s o (5 FLAS SR 10b) o, AT RLE % PSS A AE D BB, [l gk AR
T 15 dB, HARFEIL T 0.3 dB. Nk, Zad SELEH 1L D P BerERE R A4F,  nl RAAE Dot F o g 0ot A9 0 o 11

S—parameters

(a) model of transition in ADS

[VSIVEIN 6)
[=} wn O W
T T T T T T T T T

-5 S,
10
15
20

40
45

1 1 1 1 1 1 1
100 110 120 130 140 150 160 170 180
fIGHz

(b) result of the transition

Fig.10 Model of transition and its simulation result
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Fig.14 Output power and conversion gain as a function of input power at 144 GHz
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Tablel Comparison of consequences
ref. process frequency/GHz type CG/dB P /dBm BW/% harmonic rejection/dBc area/mm?
[8] 40 nm CMOS 131.2~144.8 8 -2.48 -2.48 9.9 34.0 0.3700
[9] 130 nm SiGe 129.0~171.0 4 -0.30 2.20 28.0 20.0 0.600 0
[10] 250 nm InP DHBT 120.0~158.0 2 -2.00 4.20 273 23.0 0.90%0.40
[11] 130 nm SiGe 117.5~155.0 12 11.00 3.50 273 24.5 1.44%0.65
[12] Schottky diode 140.0~152.0 2 -15.30 4.70 8.2 - -
this work 70 nm InP HEMT 132.0~154.0 2 4.50 9.00 153 31.0 3.10x1.30
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